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RESUMEN 
Efecto de la trehalosa y otros compuestos sobre la resistencia a la desecación de Cgndida utilis 
Al igual que otras levaduras, Candida utilis acumula trehalosa intracelularmente como material de 
reserva. Las células en fase estacionaria, muestran una mayor resistencia a la pérdida de viabilidad por 
desecación que las células en fase logarítmica cuando se someten a liofilización. Esta observación se correla- 
ciona con el hecho de que las células en fase estacionaria contienen más trehalosa interna que las células en 
fase logarítmica. 
El número de células viables puede ser incrementado por adición de trehalosa exógena inmediatamente 
antes del tratamiento de desecación. Estos resultados sugieren que la trehalosa desarrolla un papel protector 
además de servir como fuente de energía. La comparación del efecto protector de la trehalosa con el de otros 
compuestos sugiere que dicho papel no es exclusivo de este azúcar, ni parece estar relacionado con su 
estructura o su carácter no reductor. Otros disacáridos y glicerol pueden ser incluso más efectivos en la 
prevención de pérdida de viabilidad por desecación. No obstante, si se tiene en cuenta que la trehalosa es el 
único disacándo que se acumula endógertamente, la significación fisiológica de este efecto puede ser relevante. 
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SUMMARY 
As other yeasts, Candida utilis intracellularly accumulates trehalose as reserve carbohydrate. Stationa- 
ry-phase cells show higher resistance to the loss of viability by desiccation than log-phase cells when subjected 
to a lyophilization protocol. This finding correlates with the fact that resting cells contain higher levels of 
endogenous trehalose than exponentially growing cells. 
The number of resulting viable cells can be increased by addition of exogenous trehalose inmediately 
before the desiccation treatment. These results suggest a protective role for trehalose in addition to the 
previously assumed of serving as energy source. The comparison of the protective effect of trehalose on cell 
death by dehydration to that developped by other compounds indicates that such a role is neither exclusive of 
this sugar nor dependent of its nonreducing character. Other disaccharides and glycerol can be even more 
effective in preventing loss of viability by desiccation. However, taking into account that trehalose is the only 
disaccharide endogenously accumulated, the physiological significance of this effect appears to be relevant. 
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INTRODUCTION (CHANG & TREVITHICK, 1972; KELLY & 
CATLEY, 1976; ARGUELLES er al. ,  1985; 
Trehalose is a nonreducing disaccharide MARTIN et al . ,  1986). This sugar can be  intra- 
which accumulates inside the cells of some cellularly mobilized in a wide variety of phy- 
prokaryotic and eukaryotic microorganisms siological processes that have been well cha- 
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racterized (THEVELEIN & JONES, 1983; THE- 
VELEIN et al. ,  1983; VAN ASSCHE et al. ,  
1978). 
The yeast C. utilis also contains variable 
amounts of trehalose as  a function of the ba- 
lance between the activity of two enzymes in- 
volved in its metabolism: trehalose synthase 
and trehalase (ARGuELLES et al. ,  1985, 1986). 
Exponentially growing cells on media contai- 
ning glucose show low levels of endogenous 
trehalose whereas higher amounts of this sugar 
are present in stationary-phase cells (ARGUE- 
LLES et  al., 1985; ARGUELLES & GACTO, 
1985). 
Since many anhydrobiotic microorganisms 
accumulate large amounts of trehalose it has 
been suggested that this sugar might play a 
common role by acting as a substitute for water 
during dehydration. Recently, evidences have 
been found in some systems allowing to stablish 
a correspondence between the ability for survi- 
val in extreme conditions (desiccation, tempe- 
rature shock ..., etc.) and the trehalose content 
(MARTIN et al. ,  1986; HOTTIGER et al. ,  1987; 
MCBRIDE & ENSING, 1987a). According to 
this, it has been suggested that trehalose, in ad- 
dition to  represent an available energy supply, 
could serve to  maintain the functional integrity 
of some cell components located at the mem- 
brane leve1 (CROWE et al. ,  1984a, 1984b; 
MARTIN e t  al., 1986). 
Although the above conclusions have been 
fairly stablished in several systems, the eviden- 
ces on the protective role of trehalose against 
dehydration are rather scarce in yeasts and 
fungi. Only recently several papers have focu- 
sed on this topic (HOTTIGER et al., 1987; MC- 
BRIDE & ENSING, 1987a; GADD et al. ,  1987), 
in coincidence with the developpment of the 
present work. 
On the basis of previous studies (ARGÜE- 
LLES & GACTO, 1985; ARGUELLES et al. ,  
1985, 1986) we have chosen the cells of C. utilis 
as a system to study the effect of trehalose on 
cellular desiccation. In the present report we 
describe the effect of this sugar and other com- 
pounds on the viability of vegetative cells of 
this ykast subjected to extreme conditions of 
dehydration. 
MATERIALS AND METHODS 
YEAST STRAIN AND CULTURE CONDITIONS 
C .  utilis ATCC 60459 (CECT 1061) was grown in 
liquid Winge's medium containing 2% glucose (wlv) 
and 0.3% (wlv) yeast extract (Oxoid). The cultures 
were incubated at 30' C in an orbital shaker and the 
growth was followed by measuring changes in optical 
density at 600 nm. Cell number was determined with 
a haemocytometer. 
DEHYDRATION STUDIES 
Cells were removed from log-phase (O.D. = 1-3) 
or stationary cultures (O.D. = 11-12) by centrifu- 
gation at 3000 xg for 10 min and washed four times at 
4" C with sterile distilled water. The washed cells 
were finally resuspended in sterile distilled water at 
an standard optical density for each experiment so 
that the initial cell concentration was similar in al1 
samples within the same experiment. 
Identical aliquots (5 ml) of the above normalized 
suspensions were centrifuged and the resulting sedi- 
ments resuspended in 1 ml of cold distilled water 
containing 200 mM trehalose, maltose, sucrose, lac- 
tose, cellobiose or glycerol. In other series, trehalose 
at various concentrations (2-200 mM) was present. 
Parallel controls without exogenously added com- 
pounds were also performed. The cell suspensions 
were quickly frozen at -700 C and maintained for 4 
hours before lyophilization in a Virtis 6201 apparatus. 
After the dehydration treatment, cell survival was 
independently analyzed in both solid and liquid me- 
dium by measuring the viability in control samples 
and in samples supplemented with exogenous com- 
pounds. To this purpose, lyophilized samples were 
suspended in 5 m1 of sterile distilled water and serial 
dilutions were carried out. Aliquots (0.1 ml) of each 
dilution were plated by triplicate on solid Winge's 
medium. The plates were incubated for 36 hours at 
30" C and the colony counting was expressed as 
number of viable cells. In parallel experiments, 1 m1 
from each original suspension containing the lyophili- 
zed cell samples was inoculated into 200 m1 of liquid 
Winge's medium and cultures dere incubated as des- 
cribed before. 
RESULTS 
The dehydration by lyophilization is a very 
dastric procedure which promotes a high mor- 
tality in vegetative cells. However, the relative 
protective effect of trehalose can be  established 
even under such a drastic circunstances. The 
effect of the addition of various concentrations 
of trehalose on the viability of exponentially 
growing cells of C. utilis subjected to  dehydra- 
tion treatment is summarized in table 1. The 
data are expresed as  percentage of viability 
with respect to  nondehydrated cell samples by 
using colony counting on solid medium as crite- 
rion of survival. The results clearly show that in 
control samples, that were dehydrated in the 
absence of added trehalose, the viability was 
extremely low whereas the  presence of 
200 mM trehalose increased the survival 3500 
times. High levels of intracellular trehalose 
have been described in yeast cells accounting 
for up to 23% of the dry weight of the cells 
(LILLIE & PRINGLE, 1980). 





